Purpose: This study evaluates the use of high-resolution computed tomography (HRCT) to differentiate smear-positive, active pulmonary tuberculosis (PTB) from other pulmonary infections in the emergency room (ER) setting. Methods: One hundred and eighty-three patients diagnosed with pulmonary infections in an ER were divided into an acid fast bacillus (AFB) smear-positive, active PTB group (G1 = 84) and a non-AFB smearpositive, pulmonary infection group (G2 = 99). HRCT images from a 64-Multidetector CT were analyzed, retrospectively, for the morphology, number, and segmental distribution of pulmonary lesions. Results: Utilizing multivariate analysis, five variables were found to be independent risk factors predictive of G1: (1) consolidation involving the apex segment of right upper lobe, posterior segment of the right upper lobe, or apico-posterior segment of the left upper lobe; (2) consolidation involving the superior segment of the right or left lower lobe; (3) presence of a cavitary lesion; (4) presence of clusters of nodules; (5) absence of centrilobular nodules. A G1 prediction score was generated based on these 5 criteria to help differentiate G1 from G2. The area under the receiver operating characteristic (ROC) curve was 0.96 ± 0.012 in our prediction model. With an ideal cut-off point score of 3, the specificity, sensitivity, positive predictive value (PPV), and negative predictive value (NPV) are 90.9%, 96.4%, 90.0% and 96.8%, respectively. Conclusion: The use of this AFB smear-positive, active PTB prediction model based on 5 key HRCT findings may help ER physicians determine whether or not isolation is required while awaiting serial sputum smear results in high risk patients.
Introduction
Infection with Mycobacterium tuberculosis currently affects nearly one-third of the world's population [1] . Highly contagious pulmonary tuberculosis (PTB) can masquerade as communityacquired pneumonia (CAP) and escape initial diagnosis by emergency room (ER) physicians, thereby increasing the risk of nosocomial infection and further transmission to the general population [1] [2] [3] [4] [5] . Current screening methods recommended by the Centers for Disease Control and Prevention (CDC) involve respiratory isolation (RI) of suspected PTB patients until 3 sputum samples obtained over 48 h are negative [6] . This expanded RI policy for all patients suspected of PTB in the United States led to the proper isolation of over 95% of PTB upon admission; however, it also resulted in an 8-fold overuse of the isolation room, and eventually led to an insufficient number of isolation rooms [7] . Under the threatening of acute lung disease such as the severe acute respiratory syndrome (SARS) virus and the new H1N1 influenza nowadays, a 3-day isolation policy for waiting times for smear results for all patients merely suspected of active PTB, may prove too burdensome for most hospitals [8, 9] . Furthermore, an isolation policy based solely upon negative sputum samples may not adequately account for the truly positive sputums missed due to low organism loads [10] . Therefore, more effective diagnostic tests and/or criteria for differentiating those patients at highest risk of active PTB are desperately needed.
High-resolution computed tomography (HRCT) has been shown to be more effective in the differential diagnosis of acute parenchymal lung disease than chest radiographs (CXR) [11] . HRCT can indicate findings suggestive of pneumonia almost 5 days earlier than CXR [12] . More recently, Ito et al., used HRCT to differentiate bacterial CAP from non-bacterial CAP [11] . Although several prediction models for the diagnosis of active PTB have been proposed in recent years [13] [14] [15] , none have specifically focused on the diagnosis of smear-positive active PTB with HRCT.
The objective of this study is to investigate a proposed triage protocol using HRCT to initiate RI for patients with AFB smear positive PTB in the ER before the sputum smear results are known, with the ultimate intention of reducing the spatial and financial burden to hospitals, while minimizing any additional risk to patients and healthcare workers.
Materials and methods

Patients
From July 2005 through March 2008, a retrospective study was performed on all 19990 patients evaluated in the ER of PingTung Christian Hospital, a 706-bed teaching hospital in PingTung, Taiwan, to identify those with pulmonary symptoms. Initial inclusion criteria were presence of infiltrate on CXR and symptoms suggestive of a CAP. CAP was defined as the presence of an acute illness of 21 days or less duration with (1) one or more symptoms such as fever >38.5, confusion, sweating aches, etc., (2) at least two or more of new or increasing cough, sputum production, shortness of breath, wheeze, new focal or diffuse signs on physical examinations, (3) CXR consistent with infection and which was neither pre-existing nor of other known cause and (4) treatment with antibiotics for pneumonia by the pulmonologists or infection clinicians [16] . Patients were treated by the ER physician, followed by either a pulmonologist or infectious disease specialist. There were 1719 patients with pulmonary infiltrates, and 1300 were selected for further analysis after excluding 419 patients refused to participate in the study or were lost to follow-up.
The majority of these 1300 patients were also excluded from the study for various reasons: HIV infection (n = 5); hospitalization within 7 days of ER presentation (n = 125); no HRCT study (n = 750); presence of tumors (n = 25); presence of an underlying disease (collagen vascular disease) or co-infection (n = 16); those not requiring hospitalization (n = 196) who isolated at home if symptom and sign were mild and anti-TB drugs were tolerated [17] . The remaining 183 patients suspected of CAP or PTB received an HRCT study for enrollment into this study.
Microbiology evaluation
Regular sampling included at least 3 sputum specimens, 2 or more blood cultures, and paired serologic specimens (at admission and within the 4th and 8th week thereafter). Additional diagnostic techniques utilized included pleural puncture, transbronchial aspirates, flexible bronchoscopy with a protected specimen brush, and urine samples for Legionella species antigen [16] .
Sputum samples were gram stained. Sputum appropriate for analysis and originating from the lower respiratory tract was defined as containing at least 25 granulocytes and less than 10 epithelial cells per low-power field. Validated sputum samples, blood culture samples, pleural fluid, and protected specimen brush samples were plated on sheep blood agar. Microorganism identification was performed according to standard protocols [16] .
Confirmation of PTB
The 183 patients were assigned to groups according to sputum and culture results. Those with AFB sputum smear positive, active PTB (n = 84) included patients with at least one positive sputum smear and a positive culture for Mycobacterium tuberculosis (Group 1-G1). The remaining 99 patients had negative sputum smears and culture of Mycobacterium tuberculosis (Group 2-G2).
G2 was subdivided into 3 additional groups. Group 2a included 40 patients who were AFB-smear negative with active PTB based upon at least three negative sputum smears and a positive culture [18] . Group 2b included 27 patients with inactive PTB based upon findings of residual fibrotic changes on CXR, absence of disease progression on CXR at recruitment when compared to 6 months previously or on follow-up, and absence of AFB in sputum or bronchial washings on the smears and cultures [18] . Group 2c included 32 patients without evidence of PTB and definite pathogens was identified when (1) an isolate such as Pneumococcus pneumoniae, Klebsiella pneumonia, or Hemophilus influenzae was cultured from the blood or pleural effusion, (2) atypical pneumonia or bacterial pneumonia, such as Legionella pneumophila or Mycoplasma pneumoniae caused a 4-fold rise in antibody titers in serological testing, or (3) lung biopsy or wedge section proved the presence of herpes simplex virus, Actinomycosis, or Aspergillosis [16, 19, 20 ].
Criteria for recommendation of HRCT
Patients with following characteristics were recommended to process HRCT: age > 65, complicated CAP, interstitial lung disease, or tumor was suspected.
HRCT morphology description
The HRCT morphology patterns of PTB are described in Figs. 1 and 2 [21] [22] [23] .
HRCT imaging evaluation
Chest CT scans without contrast media (0.625 mm collimation, 100-120 kV, 250 mA s), table speed of 57.5 mm/s and a rotation time of 0.75 s, pitch of 1.07) using a 64-MDCT scanner (Brilliance, Philips Medical Systems, Cleveland, OH, USA) were performed on 183 patients. Images were acquired during a single breath-hold 5-8 s long, making respiratory motion artifacts very uncommon. The images were reconstructed with a 1-mm slice thickness in the axial plane (no gap) and in the coronal plane (5-mm apart) using a high spatial-frequency algorithm, and then sent to PACS for review. All thin-section MDCT images were displayed on a monitor at the pulmonary window level setting (level, −600 HU; width, 1200 HU).
Reading criteria
The HRCT scans were evaluated by two radiologists and a chest physician. Each specialist had more than 15 years of experience reading thoracic radiology studies and was unaware of the sputum smear and clinical examination results. Findings were reached by consensus. The HRCT scans were assessed for the presence and distribution of parenchyma abnormalities. Location of lung involvement was reported as one or more of 18 designated segments in the lungs.
Statistical analyses
Statistical analyses were performed using SPSS 15.0 statistics software (SPSS Inc, Chicago, IL, USA). Data is presented as mean ± standard deviation (SD) for continuous data, such as age, lag time of TB smear, and lag time of TB culture. Number with percentage (%) is used for other categorical data by group. Two-sample t-test is used to compare the difference between groups for continuous data. Pearson's chi-square test or Fisher's exact test was used to compare the difference in distribution of the categorical data between groups. Furthermore, a multiple logistic regression model was performed to indicate the predictors of the subjects with smear-positive, active PTB. The estimated beta (ˇ) with standard error (Std. Err.) and odds ratio (OR) with 95% confidence interval (CI) are presented from the multivariate logistic regression model in Table 4 . In addition, a relative score is given by using the estimateď as a base according to the study of Kanaya et al. [14] . The relative score is given as 1, 2, or 3 if the relative ratio is <1.5, >1.5, and >2.5. The area under the receiver operating characteristic (ROC) curve is shown to indicate the best cut-off point (Fig. 3 ). All statistical analyses are considered significant at p < 0.05.
Ethics
All participants in this study gave written consent after being fully informed. This study was approved by the Ethics Review Board of our institution.
Results
A total of 183 subjects receiving HRCT analysis are included for evaluation. The subjects are classified as Group 1 AFB sputum smear positive, active PTB (n = 84) and Group 2 sputum smear negative pulmonary infection patients (n = 99). Table 1 presents the demographic data, and methods of confirmation of smear-positive PTB and non-AFB smear-positive pulmonary infection for all the patients by group and subgroup. There was no significant age difference between the groups. Males comprised the majority in each study group. Co-morbid conditions such as anemia, diabetes, alcoholism, chronic steroid use, uremia, and hypoalbuminemia were noted in the 183 studied patients; however, only the presence of anemia proved to be a statistically significant finding among those with AFB sputum positive, active PTB (Group 1). A history of previous PTB was a significant finding among those with negative sputum smears. Group 1 generated spontaneous sputum for examination (p < 0.001), while a greater percentage of Group 2 patients required bronchoscopy for sputum examination (p < 0.001).
HRCT was performed on all 183 patients within 24 h of presentation in the ER, and the results are described in Table 2 . HRCT patterns like ground glass opacity, consolidation, bronchial wall thickening, clusters of nodules, paratracheal adenopathy, interlobular septal thickening, and cavitations were more frequent in G1 (p < 0.05). Meanwhile, HRCT patterns of calcification and fibrosis were more frequent in G2 (all p < 0.05). There were no statistically significant differences in centrilobular nodules and tree-in-bud between G1 and G2 (p = 0.156 and p = 0.781, respectively).
The anatomic distribution and numbers of lung segments/subsegments with consolidation, cavitations, and clusters of nodules are described in Table 3 . Consolidation involving an apex segment (s1), posterior segment of the right upper lobe (s2), or apicoposterior segment of the left upper lobe (s1 + s2); consolidation involving the superior segment of the right or left lower lobe (s6); cavitation in the apex segment (s1), posterior segment of the right upper lobe (s2), or apico-posterior segment of the left upper lobe (s1 + s2); number of cavitation >1, number of consolidations >2; number of clusters of nodules >3 were more frequent in G1 (all p < 0.05).
In the multivariate analysis, consolidations in the apex segment (s1), posterior segment of the right upper lobe (s2), or apico-posterior segment of the left upper lobe (s1 + s2) (p = 0.010); consolidation of the superior segment of either lower lobe (s6) (p < 0.001); cavitations (p = 0.033); clusters of nodules (p < 0.001) not related to the number and location were independently significant factors that were predictive for G1. Only the centrilobular nodules had an independently negative predictive value for G1 (p = 0.011) ( Table 4 ).
Using the five independent variables that were associated with G1, a prediction score was generated to help differentiate between G1 and G2. The ROC curve analysis is shown in Fig. 3 . The area under the curve is 0.96 ± 0.014 for our prediction model. With an ideal cutoff point score of 3, the specificity, sensitivity, positive predictive value (PPV), and negative predictive value (NPV) are 90.9%, 96.4%, 90.0%, and 96.8%, respectively.
Discussion
The clusters of nodules represent the peri-bronchovascular nodules, which were significant findings in G1. Poey et al. and Heo et al. found similar results among patients with active PTB [24, 25] . In our study, no clusters of nodules were identified in the G2c patients, which is comparable to the Tanaka et al. study which revealed no Abbreviations: s1 = apical segment; s2 = posterior segment right upper lobe; s1 + s2 = apico-posterior segment left upper lobe; s6 = superior segment of right or left lower lobe. Weighting score is observed according the ratio of each estimated ˇ using the estimated ˇ 1.72 of cavitation as for the base. The relative score is given 1 as the ratio <1.5, 2 as ratio > 1.5, and 3 as ratio > 2.5. Since the effect of centrilobular nodules is negative with a ratio < 1.5, then the relative score is set as for −1. * p-Value < 0.05. nodules on HRCT examination of CAP patients (no active PTB cases) [26] . Physicians in the ER play a crucial role in the identification of potential PTB patients. Hsieh et al. revealed that a high proportion of hospitalized, active PTB cases are often admitted through the ERwith an initial diagnosis of CAP, which further delays RI and increases the risk of nosocomial infection [4, 27] . Furthermore, 34% of active PTB cases had atypical CXR presentations, and only 37.7% with sputum from spontaneous cough [4] . Steen reported 31 of 212 (15%) smear-positive PTB patients also had one or more negative initial sputum smears [28] . The diverse clinical presentation of ER patients with PTB, as well as the limited number of isolation rooms available (especially during influenza outbreaks), not only complicates triage, but also makes development and implementation of effective triage screening criteria crucial to the success of PTB management [29, 30] .
While reducing the number of isolated patients who have a low likelihood of active PTB may reduce hospital costs, it is important not to misdiagnose patients who have smear-positive PTB. The subsequent costs associated with late treatment and contact investigation could actually offset the original savings [31] . During flu season, influenza is one of the leading causes of ER visits, and the availability of isolation rooms is essential [30] . With this in mind, we created a G1 prediction score based on 5 key HRCT findings: (1) consolidation involving the apex segment of either lung (s1), posterior segment of the right upper lobe (s2), or apico-posterior segment of the left upper lobe (s1 + s2); (2) consolidation involving the superior segment of the right or left lower lobe (s6); (3) presence of a cavitary lesion; (4) presence of clusters of nodules; (5) absence of centrilobular nodules. The ROC curve (Fig. 3 ) identified a score of 3 points as the cut-off. At this point, the sensitivity hits 96.4%, and the NPV approaches 96.8%. An ideal test would have both 100% sensitivity to avoid missing any patients with active disease and 100% NPV to assure negative results truly represented diseasefree status. This is extremely important in public health situations that deal with highly infectious diseases like AFB sputum positive, active PTB.
Campos et al. evaluated the efficacy of a single first-sputum nucleic acid amplification (NAA) test to rapidly and accurately identify the subset of patients with suspected TB who require isolation [10] . Compared to serial sputum smear analysis currently endorsed by the CDC, first sputum NAA demonstrated an 87% sensitivity and 99% NPV in this study. The future of diagnostic testing may soon include the use of first sputum NAA, but current guidelines are still in effect. Furthermore, if sputum was not available from spontaneous cough or specimens of bronchoscope, the NAA test was not feasible. Our study demonstrates the effective use of HRCT to predict smear-positive, active PTB cases in advance of the serial sputum results or patients without spontaneous sputum, thereby decreasing the transmission rate and opening up isolation rooms needed for other communicable diseases, such as influenza and SARS.
Limitations
We limited our scope to the reliability and reproducibility of the five variables predictive of PTB. The demographic and clinical characteristics of patients with PTB may differ in other geographic areas, so the model needs to be validated in other settings before it can be implemented in clinical practice. Although HRCT is widely available today, some countries may not have access to HRCT technology. Reader experience is another limitation also.
Conclusion
The smear-positive, active PTB prediction model based upon five characteristic HRCT findings may ease the burden of RI in areas where availability and financial resources are limited.
